In the present study efforts have been made to ascertain the seasonal abundance and population dynamics of zooplankton community and its relationship with physico-chemical factors of the water bodies of Santragachi Jheel in the District Howrah, W.B., INDIA. The zooplankton abundance showed distinct seasonal or temporal variation in the Jheels. A total of 18 species belonging to 12 families and 15 genera were recorded. The population density of total zooplankton showed summer maxima in the Jheel. Maximum abundance of rotifer fauna was recorded during summer season in sewage sites whereas Cladocera population showed maximum density at non-sewage sites. Copepods showed postmonsoon maxima in sewage sites in the Jheels. Some species i.e., Polyarthara vulgaris were quite abundant in the polluted water of the Santragachi Jheel. Out of 15 genera of Zooplankton, Brachionus, Keratella, Polyarthra, Diaphanosoma, Ceriodaphnia, Bosmina, Heliodiaptomus and Mesocyclops were found to be dominant in Santragachi Jheel. Highest percentage of similarity was recorded between S1 and S3 sites of the Jheel. Results of ANOVA (2 -way) indicated that zooplankton population differs significantly in relation to stations and seasons of the Jheel. Population of Rotifera, the most dominant group was found to be positively influenced by Biological Oxygen demand (BOD), Free Carbon-di-oxide FCO 2 ), CaCO 3 hardness (CaHa), Total suspended solid (TSS), Chloride(Cl) and Phosphate (PO 4 ) in the Jheels. Total Cladocera showed positive correlation with PO 4 in the Jheel. The Copepods expressed positive correlation with BOD and ammonia. Increment of population density of several zooplankton organisms (i.e., Keratella tropica, Polyarthra vulgaris) and low value of community indices especially species diversity and species richness indicated the rise of pollutional stress on the Santragachi Jheel.
INTRODUCTION
Zooplanktons are the major trophic link in food chain and being heterotrophic organisms it plays a key role in cycling of organic materials in aquatic ecosystem. In addition, their diversity has assumed added importance during recent years due to the ability of certain species to indicate the deterioration in the quality of water caused by pollution or eutrophication. Monitoring the zooplankton as biological indicators could act as forewarning, when pollution affects food chain (Mahajan 1981) . The species composition, distribution and abundance of zooplankton in any water body depend upon the chemical and physical properties of water. The dependence of trophic status of lakes on zooplankton grazing capacity were studied by Baruah et al .(1993) , Alfred and Thapa (1996) , Salaskar and Yeragi (2003) .
Planktons are considered as indicator of the trophic status of a water body because of their specific qualitative features and their capacity to reproduce in large number under environmental conditions that are favourable to them (Vollenweider and Frei 1953) . Similarly, changes in the water quality as well as zooplankton quality are indicators of rate and magnitude of cultural eutrophication (Kulshrestha et al. 1989; Chari and Abbasi 2003) .
Extensive works on seasonal variation of zooplankton prevail in temperate freshwaters and literature pertaining to freshwater zooplankton in India is scanty. Few works have been done on zooplankton population abundance in different types of wetlands (Sinha et al. 1994; Das 2002; Khan 2003; and Nandi and Das 2003) . A review of the available literature reveals that there is hardly any record of a systematic study of population dynamics of zooplankton in an Indian 'jheel' wetland ecosystem though there are several reports of zooplankton in other aquatic ecosystems such as reservoirs and lakes (Arjariya 2003; and Salaskar and Yeragi 2003) , rivers (Khanna et al. 1993, Sinha and Sharma 2003) and ponds (Das 2002 and Islam 2003) .
West Bengal is one of the most important states of India from the point of view of zooplankton. Though there is no information available on zooplankton periodicity in relation to physico-chemical factors in the Jheel ecosystem of West Bengal, especially in the District Howrah and no systematic work has been done on zooplankton population dynamics in Santragachi Jheel. Therefore, a detailed study on the seasonal fluctuations of zooplankton fauna and its relation to physico-chemical characteristics of this freshwater jheel has been carried out during the study period. The objectives of this study are i) to study the seasonal fluctuations of zooplankton abundance of the Santragachi jheel in the District Howrah, W.B., INDIA, ii) to find out the relationship between physico-chemical characteristics and zooplankton fauna in this Jheel, iii) to understand the impact of pollution on zooplankton community in the jheel, iv) to study the population dynamics of zooplankton in the Santragachi Jheel.
MATERIALS AND METHODS

Study area
Santragachi Jheel (22° 58΄N and 88° 27΄E) is one of the most important urban wetland of the District Howrah, W.B., India. The Santragachi Jheel has received various sewage waters from the nearby localities of the Howrah Township. The total area of the Santragachi Jheel is 10.87 hectares. The shape of the Jheel is roughly rectangular, the length is about 915 m. and widths 305 m., perimeters is 2418 m. and mean depth varies from 4 to 7 ft. The Santragachi Jheel has been owned by South-Eastern Railways, but since August, 1992 the Wild-life wing of the Forest Department, Govt. of West Bengal has taken up management and developmental work of this wetland. Later on it would be included under a special wetland Circle of the Forest Department which is yet to be constituted. This Jheel is surrounded on all sides by human habitation including railway quarters, shops, railway yard, a number of industrial units, domestic and commercial cattle shed. The Jheel has to receive domestic sewage water, waste materials, materials from unauthorized cow and buffalo sheds, fecal matters from the unwanted users of some parts of the Jheel, sewage waters from shops beside the Jheel. There are about 11 sewage inlets surrounding the Jheel. People use some parts of the Jheel as the dumping ground of their waste materials and garbage.
Sampling sites, collection and preservation of water samples
To study the limnological parameters, regular samplings of water were done fortnightly during February, 2000 -January, 2002 from three selected sites/stations of the Jheel as follows: Station 1(S1): Located at the Western side of the Jheel near the commercial cattle shed. Station 2 (S2): Located at the middle of Southern side and this station is devoid of sewage points. Station 3 (S3): Located at the Eastern side. Most of the major sewage points are located on this side.
Water samples were collected fortnightly in clear glass bottles from surface (maximum depth 20 cm.) and vegetated zone of three different sites/stations of the Jheel. Water samples were collected in three replicates from surface, column and bottom of each station and mean values of all three observations were taken into consideration. For BOD estimation, water samples were collected separately in dark bottles (Golterman 1969) .
Analysis of water sample
A total of 17 limnological parameters of water viz., Temperature of water (WT) , Transparency (Tr) , pH , Dissolved oxygen (DO), Biological oxygen demand (BOD) , Chemical oxygen demand (COD) , Free CO 2 ( F CO 2 ) , Total alkalinity (TA) , Conductivity (con) , CaCO 3 hardness (CaHa) , Total suspended solids (TSS) , Total dissolved solids (TDS) , Chloride (cl) , Ammonia (Amn) , Nitrite (NO 2 ) ,Nitrate (NO 3 ) and Phosphate (PO 4 ) were analyzed following the standard methods (Golterman 1969; Michael 1984; Trivedi and Goel 1984 and APHA 1989) and by spectrophotometer SQ 118.
Collection and preservation of zooplankton samples
The collection of zooplankton was made by a plankton net made of bolting cloth No. 25 (Mesh size approx. 56 µm) from above mentioned sites of the Jheel. For the collection from open waters, net was thrown to a maximum possible distance from the shore and towed gradually avoiding littoral macrophytes. For the collection from littoral zones, sweeps were made in all directions with the help of a long pole. Net also towed from the specialized small boat for some distance in water as and when feasible. Similarly, vertical hauls were made from open waters by dropping the net with anchor from the boat to the bottom and pulling rapidly recommended by Edmondson and Winberg (1971) . For quantification of the samples, 50 litre of water was filtered through the plankton net made of bolting cloth No. 25, both from littoral and open water zones. At each station triplicate samples were carefully transferred to a small vial. The inside of the net was washed so as to collect any sticking plankton. A few drops of formalin were put to narcotize the animals and when they became motionless and settled down, the supernatant water was discarded slowly and concentrated samples were collected. All samples were preserved in 4% formaldehyde solution (Nauwerk 1963; Anderson and Green 1976) .
Identification of zooplankton fauna
Identification of zooplankton fauna were initially done with the help of Scientists of the Zoological Survey of India. Detailed taxonomic identification was carried out following Edmondson (1959 ), Pennak (1978 , Sehgal (1983) , Battish (1992) , Roy (1999) , Sharma (1999a) and Khan (2003) .
Estimation of zooplankton abundance
All triplicate samples collected fortnightly from all the three stations were taken for two annual cycles. The qualitative analysis was done with the help of an inverted plankton microscope. For quantitative studies a Sedgwick Rafter counter and a micropipette (glassvan grade I) was used by taking 1 ml sub sample. The mean numerical density of zooplankton is computed as individual per litre and relative composition of major groups are expressed in terms of percentage to total density. The computation for the numbers of zooplankton per litre at different stations of the jheels was done by the formula (Sinha et al. 1994; Das 2002; Khan 2003; and Nandi and Das 2003) : n = (a.1000) c ÷ l, where n = number of plankton per litre of original water a = average number of plankton in all counts in Sedgwick Rafter cell c = volume of original concentration in ml. l = volume of original water expressed in litres
Analysis of Zooplankton Community
The structure and functioning of the animal communities and the impact of nature or man induced change on them has merged understanding. To understand biotic community or assemblage it is very important to work out some indices of species structure. Environmental indices have been used to monitor the environmental standards or quality of the environment. Five indices, Shannon-Wiener diversity index, Index of species richness, Index of dominance, Evenness index and Sorensen's index of similarity were employed and estimated in the present investigation.
Shannon -Wiener index of diversity
The most widely used index for estimating the species diversity is Shannon -Weiner index (Shannon and Wiener 1949) given by formula H′ = -∑ (ni / N) log 2 (ni / N), where H′ = Shannon -Wiener index ni = Importance value of each species (number of individuals) N = Total of importance value
The value of this index can theoretically range from zero to infinity. However, values normally range from 0 to 4.
Species richness
One of the major components of species diversity is 'Species richness' or Margalef's diversity index (d) and is expressed by simple ratio between total species (S) and total number or importance value (N). d = S-1 / log N as proposed by This index commonly varies between 1 and 5, and larger the index indicates a more healthy body of water. When it tends towards 1 pollution is thought to increase and damage should be suspected.
Index of Dominance
Within a major community there are species or groups which largely control the energy flow and strongly affect the environment of all other species. They are known as ecological dominance (Odum 1971) . The degree to which dominance is concentrated in one or many species can be expressed by an appropriate index of dominance that sums each species importance in relation to community as a whole. The index of dominance (Simpson 1949 ) is the sum total of squares of the proportion of the species in the community and is expressed as follows c = ∑ (ni / N) 2, where c = Index of dominance ni = Importance value for each species N = Total importance value
The value of 'c' varies between 0 and 1. Higher diversity values reflect diversified resources in the habitat available for components of the community. Decreased values indicate increase by an average species resulting in the lowering of the number of coexisting species in the community.
Evenness index
Another major component of diversity is 'evenness' or 'equitability' in the apportionment of individuals among the species. It is expressed as e = H′ / log S (Pielou 1966) , where H′ = Shannon-Wiener index S = Number of species
Sorensen's index of similarity
Similarity indices have popular use in the field of ecology, particularly as a basis for quantifying similarities between the communities of different sampling sites. The index of similarity (Qs) between two samples as proposed by Sorensen (1948) is calculated as follows Qs = 2c / a + b, where a = Number of species in sample one b = Number of species in sample two c = Number of species common to both It measures the similarity in the species composition in the sample and the value of Qs ranges between 0 to 1. Value zero indicates complete dissimilarity, whereas value one (1) denotes maximum similarity between samples (or communities).
Statistical analysis
ANOVA (2 -way)
A two-way analysis of variance (ANOVA), after transforming the value of each data to log (x + 1) was calculated to find out the significance of the differences in density of the zooplankton groups among the different stations, seasons of the Jheel.
Pearson's correlation coefficient
Pearson's correlation coefficients were calculated to evaluate the parametric relationships between the abiotic (i.e., physicochemical parameters) and biotic factors (i.e., zooplankton) supposedly in interaction. The tests were all two tailed and the correlations were tested at 5% and 1% level of significance.
Stepwise multiple regression analysis
In aquatic ecosystem the life cycle and abundance of living organism are controlled by various physico-chemical factors of water. To analyses the relationship stepwise multiple regression method was adopted. Thus we had to choose a 'p'-x variable (physico-chemical parameters) that could best predict the response of Y (Zooplankton density).
The ultimate linear model used is as follows
+ ∑ij, where ß0 = intercept of the model. ßj = partial regression coefficients of the jth parameter after eliminating the parameters other than jth one ( j = 1,…..p ). Xij = independent parameters ∑ij = random error component Least square method is used to estimate the unknown ß's each step of selection. This is a universal selected statistical procedure in which the only random variable is Y and X's are treated as non-random. The significance of ßj's has been tested with the help of t-statistics. The square of multiple correlation coefficient, R 2 , for each model indicates the variation in density explained by the P-variable. The significance of R 2 is tested with the help of F statistics (SPSS, 6.0 version)
RESULTS AND DISCUSSION
Physico-chemical characteristics
The average range of different physico-chemical characteristics of water of the Santragachi Jheel are represented in Table 1 (Patra et al. 2010) . 
Zooplankton abundance in Santragachi Jheel
Zooplankton recorded in the present study was represented by three groups -Rotifera, Cladocera and Copepoda. Rotifera was represented by Brachionus, Keratella, Lecane, Asplanchna, Polyarthra, Filina; Cladocera by Diaphanosoma, Ceriodaphnia, Daphnia, Moina, Bosmina, Acroperus while Copepoda was represented by two genera i.e., Heliodiaptomus and Mesocyclops (Table 2) . 
Total Zooplankton
The biannual variation of total zooplankton density shows approximately similar seasonality during two consecutive years (Table  4A - 
Rotifera
The population density of total rotifera varied from 18 Ind/l at site S2 during September, 2000 to 616 Ind/l at site S3 during June, 2001 (Table 4A-4C) . Rotifera represented maximum percentage composition at premonsoon season of the year 2001 at S1 (57.17%) and S3 site (59.23%). The population showed marked increase during summer and autumn which was declined considerably during winter and monsoon months. In general, total rotifera population at S3 site was higher than other two sites. Genus Brachionus was represented by three zooplankton fauna, i.e., Brachionus angularis, Brachionus bidentata, Brachionus calyciflorus. Brachionus showed the peak during June in all sites (Table 2 ). Brachionus population density was highest (113 Ind/l) at S3 site during June, 2000. During January and February, 2001 , no Brachionus has been found in all three sites. The genera Brachionus was represented by dominant zooplankton fauna Brachionus bidentata in all three sites. The genera Keratella, was represented by a single dominant individual Keratella tropica. It showed peak during summer season at all sites i.e., 361 Ind/l at site S1 (June, 2001), 137 Ind/l at site S2 (June, 2000) and 442 Ind/l at S3 site (June, 2001) (Table  4A -4C). The density was decreased in rainy season. The density of Keratella was higher in sewage sites, i.e., S1 and S3 site. The only representative of genera Lecane is Lecane luna. Lecane revealed summer minima and winter maxima during both the annual cycle. Asplanchna had a winter peak (29 Ind/l at S2 site during November, 2000) with summer minima (Table 4B ). The only representative is Asplanchna brightwelli. Polyarthra population showed marked increase during summer which was declined considerably during rainy season. Polyarthra had peaks of abundance in May (30 Ind/l) at S3 site during the first (February, 2000 -January, 2001 ) and in June( 72 Ind/l) at S3 site during the second (February, 2001 -January, 2002 annual cycle ( Table 4C) . It has lower density at the beginning of the study. Thereafter, it appeared gradually and became high during the second year at all sites. The population density of Polyarthra vulgaris, the only representative of Ployarthra genera was higher at S1 and S3 site than S2 site. The population density of Filinia did not show any definite seasonal pattern at the three sites. Filinia was recorded maximum (41 Ind/l) at S3 site during January, 2002. Sep  15  0  8  0  0  0  23  0  21  30  10  7  16  3  87  45  138  183  293  Oct  11  0  8  12  0  6  37  0  17  27  15  5  0  10  74  70  189  259  370  Nov  27  77  13  21  0  5  143  22  8  25  11  8  0  0  74  29  73  102  319  Dec  10  115  0  14  11  13  163  24  11  0  62  3  0  0  100  21  13  34  297   2  0  0  0  -2  0  0  1   Jan  0  109  5  13  15  4  146  23  23  0  10  0  17  0  73  25  0  25  244  Feb  0  89  0  17  44  7  157  0  1  0  0  0  12  0  13  0  0  0  170  Mar  13  114  0  14  35  0  176  16  4  21  9  6  13  0  69  0  0  0  245  Apr  53  121  0  4  23  8  209  34  0  40  0  8  27  0  109  33  71  104  422  May  59  274  0  0  34  3  370  46  0  46  0  10  29  0  131  38  109  147  648  Jun  57  361  0  0  54  19  491  43  0  44  0  12  37  0  136  56  94  150  777  Jul  67  158  0  3  12  6  246  47  2  47  6  7  29  0  138  55  86  141  525  Aug  40  44  3  0  14  7  108  0  6  33  9  0  20  0  68  24  39  63  239  Sep  14  91  9  0  8  0  122  0  1  30  13  0  14  0  58  64  140  204  348  Oct  13  148  11  0  10  0  172  23  11  33  8  0  15  0  90  84  221  305  577  Nov  50  72  7  11  0  8  148  20  14  32  4  0  0  0  70  0  53  53  271  Dec  22  119  0  15  0  22  178  29  17  49  2  0  0  0  97  0  0  0 0  86  8  23  9  7  133  30  44  0  17  0  25  0  77  0  13  13  262  Feb  8  51  0  25  30  2  116  27  27  0  8  0  15  0  96  0  2  2  195  Mar  6  62  0  20  28  0  116  18  010  39  0  11  18  0  139  12  16  28  240  Apr  30  78  0  8  19  2  137  37  0  58  0  12  32  0  194  17  32  49  325  May  20  86  0  0  30  1  137  57  0  78  0  17  42  0  207  19  55  74  405  Jun  27  112  0  0  24  10  173  55  0  70  0  23  53  6  210  31  40  71  451  Jul  25  74  0  9  4  1  119  50  4  83  24  13  36  7  94  32  37  69  398  Aug  17  34  4  0  0  3  58  0  12  63  11  2  0  6  86  16  28  44  196  Sep  4  53  14  0  5  0  76  0  7  56  23  0  0  0  137  36  78  114  276  Oct  7  101  15  0  0  1  124  34  28  57  18  0  0  0  160  48  131  179  440  Nov  27  43  13  19  0  5  107  34  26  61  9  0  30  0  178  22  66  88  355  Dec  0  54  0  25  0  14  93  33  27  82  9  0  27  0  178  0  23  23  294   2  0  0  1  -2  0  0  2   Jan  0  58  0  27  0  15  100  31  24  67  31  0  25  0  0  15 0  119  4  16  23  6  168  21  18  34  8  0  17  0  98  33  0  33  299  Feb  0  101  0  10  51  0  162  0  6  26  0  0  18  0  50  25  0  25  237  Mar  17  132  0  2  71  0  222  0  12  27  0  4  20  0  63  38  0  38  323  Apr  83  188  0  0  35  14  320  28  0  33  0  5  23  0  89  55  113  168  577  May  75  420  0  0  41  4  540  40  0  42  0  9  26  0  117  58  149  207  864  Jun  74  442  0  0  72  28  616  37  0  39  0  11  41  0  128  86  137  223  967  Jul  95  226  0  0  29  7  357  38  0  38  0  6  24  0  106  81  122  203  666  Aug  57  53  2  0  8  13  133  20  4  28  7  0  16  0  75  40  65  105  313  Sep  22  104  7  0  16  0  149  35  0  32  20  0  9  0  96  73  163  236  511  Oct  15  155  9  0  38  0  217  13  8  29  0  0  12  0  62  96  248  344  593  Nov  65  81  6  0  0  8  160  19  10  30  0  0  16  0  75  65  144  209  444  Dec  27  147  0  0  0  38  212  27  13  46  2  0  19  0  107  41  53  94  413   2  0  0  1  -2  0  0  2   Jan  12  146  0  0  0  41  199  29  10  44  0  0  18  0  91  30  46  76 366
Cladocera
The density of total Cladocera varied from 223 Ind/l (June, 2001 at S2 site) to 42 Ind/l (February, 2000 at S3 site). Peak density was observed in summer season. The cladoceran population was generally higher in S2 site than S1 and S3 site (Table 4A -4C ). The genera Diaphanosoma had a summer maxima and monsoon minima. Diaphanosoma was recorded maximum (70 Ind/l) during June, 2000 at site S2. The genera Diaphanosoma was represented by Diaphanosoma excissum (Table 4B ). Peak density of Simocephalus (i.e., Simocephalus expinosus) was observed (44 Ind/l) at S2 site during January, 2001. It showed winter maxima and summer minima. The population density of Ceriodaphnia was significantly higher (100 Ind/l) at S2 site during June, 2000. The Population was low during winter at all three sites. Daphnia showed maximum density at S2 site (42 Ind/l) during December, 2000. The abundance was lower at S1 and S3 site than S2 site (Table 4A -4C) . This genus was represented by two species -Daphnia carinata and Daphnia lumholtzi . Moina had a postmonsoon peak (23 Ind/l) at S2 site during June, 2001. Moina was mostly absent at S1 and S3 site in the second annual cycle. At all three sites, minimum density of Bosmina was observed during monsoon but maximum density was observed during premonsoon season. Bosmina was maximum (53 Ind/l) at S2 site during June, 2001 . The population of Acroperus did not exhibit any definite seasonal pattern. They were most infrequent in occurrence. Maximum density was observed (23 Ind / l) at S2 site during October, 2000. This genus was totally absent during second annual cycle at S1 and S3 site. (Table 2) . Copepoda possessed autumn maxima and winter minima. Peak (344 Ind/l) was observed at S3 site during October, 2001 (Table 4A -4C ). The copepoda density was higher in second annual cycle than first annual cycle at all three sites. The abundance was higher at S3 site than S1 and S2 site. Relative composition was maximum at S3 site in postmonsoon season (34.8%). The Heliodiaptomus abundance at three sites remained maximum during October month and decreases with the beginning of winter. The maximum Heliodiaptomus density was observed (96 Ind/l) at S3 site during October, 2001. The Mesocyclops density was observed to be highest during autumn with a peak in summer at three sites and decreased in winter season. Mesocyclops was most abundant in October during the first (211 Ind/l) and second (248 Ind/l) annual cycle respectively at S3 site (Table 4C) . At S3 site, the population density was higher than the other two sites.
Copepoda
Copepoda was represented by Heliodiaptomus contortus, Heliodiaptomus viduus and Mesocyclops leuckarti
Zooplankton community analysis in Santragachi Jheel
In estimating the species diversity probably the most widely used index is the Shannon -Wiener index. In the present study, Shannon -Wiener diversity index was found to be highest (Table 5 ). The evenness components of diversity values were found to range 1.191 to 2.946 with mean value 1.623 in Santragachi Jheel (Table 5) . Zooplankton faunal coefficient of similarity (Sorensen's index of similarity) was quite higher between S1 and S3 (91%) of the Jheel. 
ANOVA (2 -way)
Based on 3 major zooplankton groups and total zooplankton as test variables, analysis of variance was performed to assess the significant difference of zooplankton faunal abundance existing in relation to stations and seasons of the Jheel. The results are shown in Table 6 .
Total zooplankton abundance (Ind/l) showed significant difference between stations (Df = 2, F = 16.148**) and seasons i.e., premonsoon, monsoon and postmonsoon (Df = 2, F= 4.184*) in Santragachi Jheel. Significant differences were also observed with respect to three major groups between stations (P < 0.01) and seasons in Santragachi Jheel.
Pearson's correlation coefficient
Pearson's correlation coefficients were calculated to determine a relationship between zooplankton faunal abundance and physicochemical parameters of water of Santragachi Jheel. Significant results at 5% and 1% level were denoted by single asterisk (*) and double asterisk (**) respectively in the Tables 7. Negative r values prefixed by negative (-) sign and positive values without any prefix were used in the respective tables. 
.7418** * Significant at 5% level ** Significant at 1% level Total zooplankton population displayed correlation with 7 parameters (5 positive and 2 negative) in Santragachi Jheel (Table 7) . Transparency exhibited highest negative correlation (r = -0.4989*) in Santragachi Jheel. PO 4 is the common factor which shows highest positive correlation with total zooplankton population (r = 0.7418**) in the Jheel . Total rotifera population exhibited positive correlation with BOD, Free CO 2 , total alkalinity, CaCO 3 hardness, TSS, TDS, Cl, and PO 4 whereas negative relationship with transparency in the Jheel (Table 7) . Total rotifera showed highest positive correlation (r = 0.7740**) with chloride. It showed highest negative correlation (r = -0.6981**) with transparency.
Brachionus had the significant positive correlation with WT, BOD, FCO 2 , TA, Con, CaHa, TSS, TDS, Cl and PO 4 in the Jheel. It showed highest (P < 0.01) positive correlation coefficient value (r = 0.8252**) with chloride. Brachionus was found to bear negative significant correlation with NO3 in the Jheel and with transparency (r = -0.6363**). Keratella showed the positive correlation with BOD. FCO2, TA, CaHa, TDS, Cl, PO 4 whereas negative relationship with Tr, pH, NO 2 . Lecane displayed positive correlation with Amn and NO 2 . Asplanchna has expressed significant correlation with 15 parameters (4 positive and 11 negative). NO 3 showed maximum r value, 0.7335** in Santragachi Jheel. Polyarthra has shown positive significant correlation with BOD, CaHa, TSS whereas negative correlation with NO 2 and NO 3 and COD showed highest r value, 0.8352**. Total cladocera abundance expressed relationship with 7 parameters (6 positive and 1 negative) in the Jheel. Chloride showed maximum positive correlation (r = 0.6748**) and pH showed negative correlation (r = -0.6958**). Diaphanosoma projected positive correlation with BOD, TA, CaHa, TSS, TDS, Cl and PO 4 , maximum with Cl (r = 0.7527**) whereas negative correlation with Tr, pH, NO 2 , maximum with transparency (r = -0.6938**) in the Jheel. Simocephalus exhibited no significant positive relationship with any parameter. It showed negative correlation with FCO 2 , TA, CaHa, TSS, TDS and Cl. Simocephalus has highest negative relationship with FCO 2 (r = -0.6237**). Ceriodaphnia has shown significant positive correlation with 3 parameters. It represented highest positive correlation with PO 4 (r = 0.6693**) in the Jheel. Daphnia exhibited negative r value with PO 4 in Santragachi Jheel. Bosmina has shown positive correlation with TA, CaHa, TDS, Cl, PO 4 and negative correlation with Tr, pH, NO 2 . Chloride showed the highest positive correlation (r = 0.8230**) with Bosmina in the Jheel.
Acroperus expressed significant positive correlation with ammonia (r = 0.5742**) and negative correlation with DO and NO 3 .
Total copepoda density has expressed significant correlation with 5 parameters (2 positive and 3 negative). Ammonia showed maximum positive r value (r = 0.5342**) in the Jheel. DO showed maximum negative correlation (r = -0.6233**) in Santragachi Jheel. Two parameters viz., BOD and Amn had positive effect on abundance of Heliodiaptomus whereas negative effect was established with Tr, pH, DO and NO 3 . DO showed maximum correlation (r = -0.6078**) here. Mesocyclops expressed significant positive correlation with Amn (r = 0.4831*) while negative with DO and NO 3 in this Jheel.
Stepwise multiple regression
Stepwise multiple regression technique was adopted to study about the physico-chemical parameters affecting the abundance of zooplankton. Partial regression coefficient (ßj), constant value (ßo), their respective standard errors and coefficient of determination (R 2 ), corresponding each independent variable, i.e., physico-chemical parameters are presented in Tables 8. The ßo and ßj help to form multiple regression equation. The partial regression coefficients determine the expected change in zooplankton abundance caused by the unit increase or decrease of the correspondent independent variable, if other variables remaining unchanged. The R 2 values for zooplankton abundance measure the percentage variation for the corresponding independent variables. Table 8 Stepwise multiple regression analysis between physico-chemical characteristics of water and abundance(Ind/l) of total as well as dominant groups and genera of zooplankton in Santragachi Jheel 
Stepwise multiple regression analysis between physico-chemical parameters and abundance (Ind/l) of total zooplankton as well as groups and genera
In Santragachi Jheel highest R 2 value related to Polyarthra (0.9389**) followed by total rotifera (0.9152**). FCO 2 , BOD, NO 3 and Amn were found to be important factor affecting the total rotifera density and jointly explain 92% variation in the Jheel. The ßj values indicate that Brachionus abundance increases linearly along with the increase of Cl density but if the concentration of NO 3 increases the abundance is likely to decrease sharply. R 2 value shown for Keratella by FCO 2 , BOD, NO 2 , Amn was 0.7879** which was followed by Lecane (0.6637**) and Asplanchna (0.6649**).
In the Jheel pH, COD and Cl bear a relationship with total cladocera and 78% variation of density can be explained. Diaphanosoma was influenced by three independent variables, i.e., pH, COD, Cl (R 2 = 0.7803**) in the Jheel. Abundance of Simocephalus was controlled simultaneously by two physico-chemical parameters and explained 59% variability and Tr and COD jointly explained 67% variation of Ceriodaphnia abundance.
Heliodiaptomus abundance was controlled simultaneously by three physico-chemical parameters, i.e., pH, DO, CaHa and explains 61% variability in this Jheel. Mesocyclops were influenced by pH, DO, TDS (R 2 = 0.6896**). The Zooplankton community was mainly comprised of three groups, viz., Rotifera, Cladocera and Copepoda. The occurrence of various zooplanktonic forms in different water bodies remained quite variable. Michael (1968) observed that loricate rotifers were great in number during summer, while non-loricates were found in winter. Brachionus angularis and Keratella tropica were found throughout the winter in tanks at Pilani, Rajasthan (Nayar 1970). Naskar (1977a) reported the presence of Polyarthra vulgaris, Brachionus quadridentus, Brachionus angularis, Diaphanosoma excisum and Cyclops sp. during winter months in a freshwater pond at Bhagalpur, Bihar, India. Predominance of Keratella and crustaceans in planktonic samples of Janaktal was observed throughout the year (Agarwal 1978) as the present findings. Sharma and Saksena (1981) described the Mesocyclops leuckarti, Mesocyclops hyalinus as the perennial species.
The quantitative dominance of different groups of zooplankton in fresh water wetlands of the country differs widely. Rotifers showed a numerical superiority over other groups of zooplankton in the present study. This data on rotifers corroborates the view of other workers (Matveeva 1983; Banik et al. 1994) . The abundance of rotifers compared to other groups point out the eutrophic nature of water bodies, which characterizes Santragachi Jheel studied. Although, rotifers and cladocerans are used as indicators of trophic conditions (Michael 1985) but Ganapati (1943) , Chako and Krishnamurthy (1954) , Das and Sreevastava (1959) reported that copepods and cladocerans were the dominant groups of zooplankton. Arora (1966) has emphasized the role of rotifers in assessing the water quality and stated the presence of Keratella tropica, Filinia longiseta, Polyarthra vulgaris and Brachionus angularis as indicators of pollution. The indicator organism concept is based on the presence of particular species indicating the existence of a favourable environmental condition. Warren (1971) has pointed out that the continued persistence of a species at a location is sure evidence that conditions in that environment are favourable for its existence but its absence does not always mean unfavourable condition. Decrease in number of genera from S2 to S1 and S3 indicates increase in pollution as stated by Odum (1971) .
Rotifers showed a major pulse in the jheel during summer months. Some workers (Sudzuki 1981; Berner-Fankhauser 1983) have concluded that there is no seasonal periodicity among rotifers. In Danish waters their seasonal variations are not very marked (WesenburgLund 1930) . Rotifera shows a numerical superiority over the other groups of zooplankton and as noted by George (1966) , indicate the eutrophic nature of Santragachi Jheel. The present observations point to the occurrence of a summer periodicity in rotifera. Rotifers are known to feed largely by sedimenting seston particles into their mouth orifice by means of the pulsating action of their coronal cilia (Hutchinson 1967 , Ghilarov 1977 . Moreover, the reproductive rate of rotifers is related strongly to the quality of food as well as temperature (Lougheed and Chow-Fraser, 1998) . In the present study Brachionus population in Santragachi Jheel was significantly correlated (P < 0.05) with temperature.
It is known that eutrophication affects the specific composition of the zooplankton through physical and chemical alternations of the environment which also change the phytoplankton composition promoting changes in the quality and quantity of available food for the zooplankton population. In this way, there are different communities associated with different trophic conditions. Billings Reservoir -Sau Paulo, South America showed an environment in advanced stage of eutrophication (Branco 1966; Sendacz 1984) . It showed high contents of nutrients as well as low transparency values (Sendacz 1984 and Xavier 1981) where within the zooplankton composition, rotifers were more significant than copepods as well as cladocerans. Similar results were also observed in the present study. However, several authors mainly at temperate regions have associated the degree of eutrophication with the composition of the zooplankton community (Patalas 1972; Hanson and Butler 1994) . They observed a dominance of copepods and cladocerans in eutrophic environments. In an oligotrophic reservoir, Matsumura-Tundisi and Tundisi (1976) have found a dominance of cladocera, followed by rotifera and copepoda. Sharma (1978 b) observed that rotifer diversity exhibits interesting variations in hard alkaline and soft acidic/slightly alkaline water in different parts of tropics. The former is characterized by the abundance of alkalophilic species Brachionus and Keratella tropica and later by the abundance of eurytropic Brachionids like Brachionus angularis, Brachionus calcyflorus, Brachionus forticula, Keratella lenzi and Keratella cochearis. The common occurrence of many of the above stated Brachionus, classified as acidophilic, in the highly alkaline Santragachi Jheel, could not support the view point. Copepods that formed the sizeable component of zooplankton community of the wetlands of the tropical areas in terms of biomass were at least diverse qualitatively (Khan 2003) . Only three species from both Calanoids and Cyclopoids were recorded from the Jheel during the present study.
The density of zooplankton fluctuated widely and was related to the nature of wetlands as well as stations (Xiengfei 1984) . Highest density was recorded in Santragachi Jheel where very high organic load and comparatively low predation pressure resulted in the increased density of few species of each group. In the zooplankton community of an ecosystem, the main role is played by only a few commonly occurring species (Anderson 1974; Patalas, 1972) . Anderson (1974) found that a few numerically abundant species contributed 27% of the communities in 340 lakes and ponds of Canada. Yousuf and Quadri (1978) found that 35.5% of total community was contributed by only four species in some freshwater lakes and ponds of Kashmir, India. During the present study, 4 genuses in Santragachi Jheel also controlled the bulk of zooplankton density. Hughes (1978) discussed factors other than pollution that could affect H′ values and concluded that they were useful indices of community structures but can not stands alone. Wilham and Dorris (1968) and Staub et al. (1970) suggested the utility of the species diversity index in assessing water quality. According to Whittaker (1965) the Shannon-Wiener index is actually not a real assessment of the species diversity in a community but it represents the relative importance value of the species taken into account. This is why the index obtained by the formulae is a good indicator of water quality of the habitat and forms a base for biomonitoring. Trivedi (1981) has emphasized the importance of species diversity in assessing the water quality and reported that polluted water supports low organism diversity while the clean water supports high diversity. The diversity indices revealed clearly the status of wetlands (Khan, 2003) . Highly enriched condition obviously limited the species diversity at almost all groups of zooplankton (Lougheed and Chow-Fraser 1998) . The present results agree with this general principle. Santragachi Jheel is enriched with organic matter (S2 < S1 < S3). The species diversity index value is lower in S1 and S3 site than S2 site and also low in Santragachi Jheel. After application of the relationship put forwarded by Wilham and Dorris (1968) between the diversity values and pollutional status it can be concluded that S1 and S3 site is more polluted than S2 of the Santragachi Jheel.
Mason (1981) quoted from a number of studies that the species richness is better and more realistic indicator of diversity than information statistics. The higher species richness values reflect the stability of habitat for the organism in one hand while on the other the high species diversity has been reported to be correlated with longer food chain and complex food web of the ecosystem and also relatively more stable community . Larger the index value denotes a more healthy body of water (Somasheker and Ramaswamy1984). The species richness value of zooplankton population reflects the nature (i.e., eutrophic) of Santragachi Jheel. This finding shows that the health of water of Santragachi Jheel is low quality.
Determination of dominance diversity indices is one of the most effective approaches to describe the responses of biotic communities to environmental changes (Modde and Drewes 1990) . Winget and Mangum (1979) argued that dominance diversity indices are ineffective in evaluating several forms of environmental influences. MacArthur (1965) explained the diversity variation on the basis of resource, resource utilization and niche overlap. The index of dominance is always higher where community is dominated by a fewer number of species and lower where dominance is shared by a large number of species (Whittakar 1965) , or the total population of the community is uniformly distributed among different species that mainly occur in clean and pollution free waters (Osborne et al. 1976) . Following MacArthur's (1965) explanation it can be inferred that the habitat of Santragachi Jheel has limited type of resources with higher dominance diversity of their utilization by limited species, providing a condition for low amount of niche overlap. Higher values of index indicate that there is ununiformed distribution of various species of zooplankton fauna reflecting dirty and polluted water of Santragachi Jheel.
The 'evenness component of diversity' is thought to denote a balanced relation between the species and individual richness of a sample. Coefficient of similarity (Sorensen's index of similarity) was studied to compare the zooplankton fauna at each station of Santragachi Jheel. It was maximum between the two sites of Santragachi Jheel (S1 and S3 site) which projects the same trophic nature of these two sites. Minimum value between S3 site of Santragachi Jheel exhibited the opposite trophic status of these jheel The physico-chemical characteristics of a wetland exert a great effect upon biota. The physico-chemical parameters have widely been reported to affect the density of plankton (Lougheed and Chow-Fraser 1998) .Temperature is one of the most important factors influencing plankton periodicity in an aquatic system (Michael 1968; Lampert 1978 and Banik et al. 1994) . Total zooplankton in Santragachi Jheel increase in numbers when the temperature is high in summer. Baruah et al.(1993) also described the summer maxima of zooplankton abundance. Joshi and Adoni (1993) pointed out that tropical waters are more productive on account of high temperature in Indian fresh waters. However, some workers (Naskar, 1977a,; Khanna et al., 1993 and Banik et al. 1994) reported the zooplankton population as winter maxima and summer minima. Transparency has positive impact on cladocera population (Weimin and Xiaoming 1987) . Hanson and Butler (1994) also emphasized on the impact of turbidity on crustacean abundance. Present study reveals the positive correlation (P < 0.01) between transparency and cladocera population. Baruah et al.(1993) and Banik et al.(1994) has also observed that rotifers are directly related with dissolved oxygen as in the present study. Naskar and DattaMunshi (1974) reported that free CO 2 is not a conditioning factor for the growth of zooplankton. However, Welch (1952) and Khanna et al. (1993) reported that free Carbon-di-oxide is an important abiotic factor and large quantities of CO 2 play a determined factor for the growth of plankton. Similar results have been observed in the present findings also. Alkalinity has a positive correlation with the zooplankton in the Santragachi Jheel. Chatterjee and Mukhopadhyay (1998) also showed positive correlation between alkalinity and rotifera population in a sewage contaminated water body in West Bengal. However, Banik et al. (1994) reported negative correlation between alkalinity and zooplankton abundance. Burgis (1969) and Hillbricht-Ilkowska and Weglenska (1970) emphasized on the impact of chloride on zooplankton abundance. According to Moghraby (1977) , Matveeva (1979) , Banik et al. (1994) chloride has a positive relation with total rotifera population. Similar type of observation has been found in the present study also. However, Pejler (1957) , Rzoska (1968) has found no relationship between chloride and zooplankton fauna. Weimin and Xiaoming (1987) showed positive correlation between zooplankton abundance and phosphate in Chenghu Lake, China. According to Evans (1983) , the concentration of phosphate decides the amount of alga and the later will influence abundance of zooplankton. Moitra and Bhattacharya (1965) , Wynne and Gophen (1981) and Banik et al. (1994) showed the positive regression between phosphate and zooplankton abundance. Total zooplankton abundance was positively correlated (P < 0.01) with phosphate contained in the Jheel.
CONCLUSION
Zooplankton is directly or indirectly influenced by seasonal variation of complex limnological factors. The annual quantitative study of zooplankton population depends on the succession, appearance and disappearance of component species. Periods of quantitative increase and decrease of individuals do not coincide with seasonal minima and maxima of the total zooplankton. Some species increase slowly and more or less uniformly to the maximum while others show an almost starting burst of development visiting from a apparent absence to a numerical dominance of the whole plankton within a very short period of time. The nature of wetlands is closely related with the fluctuations of zooplankton density. Highest density was recorded from Santragachi Jheel where very high organic load and comparatively lower predation pressure resulted in the increased density of a few species. The analysis of species richness and diversity indices revealed clearly the status of the jheel. Santragachi Jheel with considerably high organic load exhibited low species richness and diversity.
